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(54) FORMATION OF RESIST PATTERN 

(57)Abstract 

PURPOSE: To enhance dry etching resistance of chemical amplification (positive 
or negative) resist while eliminating dependency on the depth direction of resist 
etching characteristics. 

CONSTITUTION: A compact pattern 106 is formed through a normal method on 
a chemical amplification positive resist 103 and subjected to entire exposure 
with light 107. It is then baked to accelerate acid catalytic reaction sufficiently 
thus forming a region 1 08, from which a protecting group is removed, on the 
resist 106. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

.l.This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be 
translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 
Claim(s)] 

[Claim l] The formation approach of the resist 
pattern characterized by forming a resist pattern, 
irradiating a photosensitive light on the whole 
surface of said resist pattern, and performing 
BEKU processing to said resist pattern by 
performing after [ optical exposure and exposure ] 
BEKU processing, and a development to the 
chemistry multiplier system resist applied on the 
semi-conductor substrate in the lithography 
process which imprints a mask pattern at said 
chemistry multiplier system resist. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention 
relates to the resist pattern formation approach of 
a lithography process about the manufacture 
approach of a semiconductor device. 
[0002] 

[Description of the Prior Art] In recent years, the 
demand to detailed pattern formation ^ is 
increasing with high integration of LSI. The main 
force of current and this detailed pattern 
formation technique (lithography technique) is an 
optical exposure technique, and high 
resolution-ization of a resist is attained together 
with the improvement in the engine performance 
of a cutback projection aUgner (stepper) (a raise in 
NA of a lens, diameter[ of macrostomia ]-izing, 
improvement of superposition precision, etc.). The 
combination of g Une or i line stepper using g line 
of Hg lamp and i line, and a novolak system 
positive resist serves as the main force of an 
optical exposure technique until now, and it is 



considered that it can respond with this technique 
to detailed-izing of about 0.5 micrometers. It is 
the ****** exposing method for having used the 
****** (DeepUV) Ught near [, such as KrF laser or 
Hg arc lamp, ] 250nm that promising ** is 
furthermore carried out as a pattern formation 
technique of the subhalf micron field of the point. 
[0003] In this **********^ for strong absorption of 
resin, a resist pattern configuration becomes 
taper-like and the conventional novolak system 
resist cannot perform the exact pattern imprint to 
a substrate. Furthermore, since the illuminance is 
weak compared with g and i line, a resist system 
with high (30 mJ/cm2) sensibility swerves firom 
DeepUV light with the need. 

[0004] In order to fill the above demand, the 
acid-catalyst system chemistry multiplier system 
resist was proposed by the 242nd volume of the 
series of American chemical SOSAI tee 
symposium JUMU in 1984, and 11 pages 
(American Chemical Society Symposium, Series 
No.242, p. 11, (1984)). There are two kinds such as 
a positive type and a negative mold of chemistry 
multiplier system resists. 

[0005] the THE SOSAI tee OBU photograph in 
1989 ■- the collection 1086th volume two pages of - 
OPUTEKARU instrument en JINIAZU drafts 0 
[ Proceeding of The Society of Photo-Optical ] 
Instrument If the report of Engineers, No. 1086, 
and p. 2 (1989) is referred to The chemistry 
multiplier system resist of a positive type has 
many which consist of resin which protected firom 
the developer the penetrable high resin (for 
example, polyvinyl phenol (PVP)) which originally 
dissolves in an alkali developer by t-FUTOKISHI 
carvone radical etc., and an acid generator. When 
PVP is made into an example, the acid generated 
from the acid generator by exposure is [0006] 
during after [ exposure ] BEKU processing (it 
abbreviates to Post Exposure Bake and PEB). 



H-C02+(CH3)2C=CH2 




0-C-C-C(CH3)3 
O 




PVP 



[0007] (1) 

****** is repeated, a protective group (before or 
after hundreds - 1000 times) is removed, and it 
becomes meltable at an ARUKARU developer, 
[0008] On the other hand, as for the chemistry 
multiplier system resist of a negative mold, what 



consists of three components of resin, an acid 
generator, and a cross linking agent is common, 
the THE SOSAI tee OBU photograph in 1989 - 
the case where resin is PVP and a cross linking 
agent is a melamine system cross linking agent, 
for example when the report of the collection 
1086th volume 38 pages of - OPUTEKARU 
instrument en JINIAZU drafts (Proceeding of The 
Society of Photo- Optical Instrument Engineers, 
No. 1086, p.38 (1989)) is referred to - [0009] 




ROCafe ^ jj^CHaOR 



A. 



(CH2CK) 2N"'^^N (CHaOT) 2 



(CH20R)^ 




+ROH 



N(CH20R)2 



[0010] (2) 

It is alike, and the acid generated by exposure 
carries out the catalyst of the reaction of a 
melamine system cross linking agent, and bridge 
formation arises between resin so that it may be 
shown, 

[00 11] the resolution of the above chemistry 
multiplier system resist - a KrF excimer laser 
stepper (before or after lens numerical*aperture 
NA;0.4) - using - 0.3-0.35 micrometers (line 
breadth, line spacing) - reaching - **** 
sensibiHty -- several -- mJ/cm2 from 30 mJ/cm2 
The property superior to a novolak system resist 
(100 mJ/cm2 before or after) is shown order. 
[0012] 

[Problem(s) to be Solved by the Invention] At the 
chemistry multiplier system resist of the 
acid-catalyst system mentioned above, there is a 
trouble as shown below at the dry etching process 
after formation of a resist pattern. 
[0013] First, in order that the unexposed section 
may remain as a pattern in the case of the 
chemistry multiplier system resist of a positive 
type, an acid is generated from an acid generator 
by the electron generated in the plasma in a dry 
etching process, ion, and ultraviolet rays. With 
this acid and heat, the same reaction as the PEB 
process shown in the formula (l) arises. Therefore, 
according to generating with the protective group 
and diacid-ized carbon which happen during 
etching, the dry etching rate of a resist increases 



and the dry etching resistance of this resist 
deteriorates. This reaction is still larger 
immediately after a plasma exposure, and it falls 
with reduction . of a reaction kind (protective 
group). Therefore, depth direction dependency is 
in a resist etch rate, and there is a trouble that 
stable try etching cannot be performed. 
[0014] The ahiount of bridge formation near a 
resist top face is [ in / on the other hand / the 
chemistry multiplier system resist of a negative 
mold ] larger than the amount of bridge formation 
inside a resist (and lower part). Therefore, there 
is a trouble that the depth direction dependency 
of a resist etch rate arises like a positive type. In 
order to raise the dissolution contrast of the 
exposure-unexposed section fiirthermore in the 
case of a negative mold, generally compared with 
a positive tj^e, molecular weight is small. 
Therefore, there is a trouble that dry 
etching-proof nature is low a little. 
[0015] 

[Means for Solving the Problem] By performing 
after [ optical exposure and exposure ] BEKU 
processing, and a development to the chemistry 
multiplier system resist applied on the 
semi-conductor substrate in the lithography 
process which imprints a mask pattern at this 
chemical system resist, the formation approach of 
the resist pattern of this invention forms a resist 
pattern, irradiates a photosensitive light on the 
whole surface of this resist pattern, and has the 
description of performing BEKU processing 
further. 
[0016] 

[Example] Next, the case where this invention is 
applied to formation of the contact hole to the 
insulator layer in which it was prepared on the 
semi-conductor substrate is explained with 
reference to a drawing. 

[0017] If drawing 1 which is the sectional view of 
the order of a process for explaining formation of 
the contact hole to an insulator layer is referred to, 
first, the 1st example of this invention will form 
the insulator layers 102, such as silicon oxide, on 
a silicon substrate 101 by the 
chemical-vapor-deposition method, and will apply 
the chemistry multiplier system positive resist 
103 on an insulator layer 102. In addition, the 
chemistry multiplier system positive resist 103 
has the two-component system which consists of 
the above acid generators and resin with which 
the protective group was added, or 3 component 
system (the generated acid reacts with a 



dissolution inhibitor during PEB processing, and 
it is ********** about depressor effect) which 
consists of an acid generator, resin meltable to an 
alkali developer, and a dissolution forcing agent. 
Then, corresponding to the contact mask pattern 
(not shown) of a positive t5rpe, the light 104 by the 
KrF excimer laser or Hg arc lamp is exposed 
[ drawing 1 (a)]. 

ID018] Next, BEKU processing (PEB) after 
exposure is performed at the temperature of 
110" 150 degrees C. In the exposure section of a 
resist 103, an acid catalyzed reaction occurs by 
this processing, and it becomes the field 105 
which the exposure section of this resist 103 made 
easily dissolvable [ drawing 1 (b)]. Then, if 
negatives are developed in the 
tetramethylammonium (TMAH) water solution 
around 2%, only this field 105 made easily 
dissolvable will be removed, and the contact 
pattern 106 will be formed in a resist 103. Then, 
light 107 is again irradiated with Hg arc lamp etc. 
all over the resist 103 which has the contact 
pattern 106 [ drawing 1 (c)]. 

[0019] By performing BEKU processing at the 
still more nearly same temperature as PEB 
processing, the left-behind resist 103 becomes the 
field 108 which balking of a protective group 
produced [ drawing 1 (d)]. (Even this phase is this 
example.) next, the field 108 which balking of this 
protective group produced - a mask carrying 
out the insulator layer 102 of a substrate - CF4 
Or CHF3 etc. " anisotropic etching is carried out 
by the reactant gas plasma, and a contact hole 
109 is formed. The resist 103 which finally has 
the field 108 which balking of this protective 
group produced is exfoUated [ drawing 1 (e)]. 
[0020] If the 1st example of the above is applied to 
forrhation of the contact hole to the insulator 
layer prepared on the semi-conductor substrate, 
the reduction of resist thickness with the rapid 
early stages of a plasma exposure in the dry 
etching process of an after process is lost, it will 
keep a resist decrement constant and the stable 
dry etching of it will become possible. 
[0021] If drawing 2 which is the sectional view of 
the order of a process for explaining formation of 
the contact hole to an insulator layer is referred to, 
first, the 2nd example of this invention will form 
the insulator layers 202, such as silicon oxide, on 
a silicon substrate 201 by the 
chemical-vapor^deposition method, and will apply 
the chemistry multiplier system negative resist 
203 on an insulator layer 202. In addition, the 



chemistry multiplier system negative resist 203 is 
3 component system which consists of an acid 
generator, alkali fusibility resin, and a cross 
linking agent as usual. Then, corresponding to the 
contact mask pattern (not shown) of a negative 
mold, the light 204 by the KrF excimer laser or 
Hg arc lamp is exposed [ drawing 2 (a)]. 
[0022] Next, PEB processing for 1 - 3 minutes is 
performed at the temperature of 110-150 degrees 
C. In the exposure section of a resist 203, an acid 
catalyzed reaction occurs by this processing, and 
it becomes the field 205 which the exposure 
section of this resist 203 insolubilized [ drawing 2 

(b) ]. Then, if negatives are developed in the 
TMAH water solution around 2%, it will remain 
without removing only this field 205 that 
insolubilized, and the contact pattern 206 will be 
formed in a resist 203. Then, light 207 is again 
irradiated with Hg arc lamp etc. all over the resist 
203 which has the contact pattern 206 [ drawing 2 

(c) ]. 

[0023] BEKU processing is performed at the still 
more nearly same temperature as PEB processing. 
By these processings, crosslinking reaction 
sufficient also in the depths of a resist 203 occurs, 
and the field 205 which insolubiUzed has the 
almost uniform structure of cros§ linkage, and 
turns into the field 208 which the crosslinking 
reaction whose dry etching resistance improved 
produced [ drawing 2 (d)]. (Even this phase is this 
example.) next, the field 208 which this 
crosslinking reaction produced -- a .mask 
carrying out -- the insulator layer 202 of a 
substrate CF4 Or CHF3 etc. anisotropic 
etching is carried out by the reactant gas plasma, 
and a contact hole 209 is formed. The resist 203 
which finally has the field 208 which this 
crosslinking reaction produced is exfoliated 
[ drawing 2 (e)]. 

[0024] If the 2nd example of the above is applied 
to formation of the contact hole to the insulator 
layer prepared on the semi-conductor substrate, 
the decrement of the resist thickness at the time 
of etching of a substrate will be kept constant 
with ** which raises the dry etching-proof nature 
of the negative resist in the dry etching process of 
an after process, and the stable dry etching will 
become possible. 

[0025] Although the case where the 1st and 2nd 
example of the above was applied to formation of 
the contact hole to an insulator layer, respectively 
was described, this invention can be applied also 
to formation of other detailed resist patterns, such 



as a circuit pattern. 
[0026] 

[EfiTect of the Invention] As explained above, once 
the formation approach of the resist pattern of 
this invention forms a resist pattern by exposure, 
PEB processing, and the development, it has the 
effectiveness that the dry etching process of 
degree process is carried out to stability, in the 
lithography process which used the chemistry 
multiplier system resist by performing complete 
exposure and BEKU processing again and fully 
performing an acid catalyzed reaction inside a 
resist. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the sectional view of the order of 

a process for explaining the 1st example of this 

invention. 

[Drawing 2] It is the sectional view of the order of 
a process for explaining the 2nd example of this 
invention. 

[Description of Notations] 

101.201 Silicon substrate 

102.202 Insulator layer 

103 Chemistry Multipher System Positive Resist 

104,107,204,207 Light 

105 Field Made Easily Dissolvable 

106,206 KONTAKU pattern 

108 Field Which Balking of Protective Group 
Produced 

109,209 Contact hole 

203 Chemistry Multipher System Negative Resist 

205 Field Which Insolubilized 

208 Field Which Crosslinking Reaction Produced 
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